Solvent denaturation of globular proteins: unfolding by the monoalkyl- and dialkyl-substituted formamides and ureas.
The effects of the monoalkyl and dialkyl-substituted formamide series of denaturants on the native conformation of sperm whale myoglobin, horse heart cytochrome c, and Glycera dibranciata (single chain) hemoglobin have been investigated by spectral measurements in the Soret region (409 and 422 nm) and optical rotation measurements (265nm). The effectiveness of these two classes of protein denaturants is similar to the other straight-chain compounds of the urea, amide, and alcohol classes, examined in previous investigations from our laboratory. Their denaturing effectiveness is found to increase with increasing chain length or hydrocarbon content of the substituent alkyl groups. Application of the Peller and Flory equation to the denaturation data of the formamides shows that both the polar and the nonpolar group contributions to the protein-denaturant interactions have to be taken into account in order to correctly predict the observed denaturation midpoints. Additivity of the hydrophobic, KHø, and the polar, Kp, group contributions to the binding constants, KB = nKHø + Kp, with n = 1 or 2 for the mono- of the di-alkyl substituted denaturants gave best account of the experimental data. The KHø values used were based on free energy transfer data of various alkyl groups or the Scheraga-Nemethy theory of hydrophobic bonding. The assumption of group contributions of the denaturant to KB were also applied to the denaturation data of the unsubstituted amides and some examples of the monoalkyl and symmetrically substituted dialkyl ureas, taken from the literature.